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g^TTMr.  ncvctnpuctjT  FOR  COLUMBIUM  AND  TANTALUM 

00  Oxidation  protection  of  columbium  and  tanta- 
lvn  alloys  by  Cr-Tl-Sl  coatings  was  the  subject  of 
fjAour-phase  program  at  TRW  S')  Phase  I  was  a 
^TBjdy  of  basic  factors  a»scciat«d  ~ith  the  diffusion 
£|Amation  and  oxidation  protection  of  vacuum  pack 
'*Cr*Ti  and  Cr-Ti-Si  coatings  on  unalloyed  columbium, 
_^43,  and  B-66  alloys.  As-coated  specimens  repre¬ 
senting  various  stages  in  diffusion  formation  were 
w^Mlyzed.  Coatings  were  studied  after  various 
maldatlon  exposures  at  pressures  of  0.01  torr  to 
1  atm  and  temperatures  up  to  2700  F..  An  evaluation 
the  specimens  showed  that,  during  the  chromium- 
Htanium  coating  cycle,  the  diffusion  zone  and 
j^prlay  formed  at  equivalent  rates.  The  latter  was 
f  lave s  phase  of  the  form  (Cb,Ti)Cr2  «*ith  a  face- 
centered  cubic  MgCuj  type  structure,  containing 
some  beta  titanium,  especially  in  the  case  of  the 
D-43  alloy.  The  diffusion  zone  contained  chromium 
and  titanium  in  solid  solution.  Siliconizing  the 
coating  resulted  in  the  formation  of  a  graded 
dlsillcide  of  the  form  (Cb,Cr,Tl...)Si2.  Beneath 
this  layer  were  subsillcide  bands  of  the  form 
( Cb,Cr , Ti . . . ) nSl^  and  (Cb,Cr,Ti. ..}.Sl-«  Some 
silicon  was  also  present  in  the  diffusion  zone. 
During  oxidation,  chromium  and  titanium  migrated 
rapidly  to  the  coating  surface.  During  initial 
exposure,  the  major  surface  oxide  was  Cr203. 

Chromium  subsequently  vaporized  to  leave  an  oxide 
rich  in  titanium  and  silicon,  and  ultimately 
colunbium.  At  reduced  pressure,  silicon  vaporized 
as  SiO.  The  study  showed  that  three  factors  con¬ 
tributed  to  eventual  coating  failure!  (1)  loss  of 
chromium,  (2)  enrichment  of  the  protective  oxide 
with  columbium,  and  (3)  depletion  of  chromium  and 
titanium  from  the  diffusion  zone. 

The  Phase  II  portion  of  the  program  resulted 
in  a  laboratory-scale  development  of  a  spray- 
dlf fusion  process  capable  of  producing  Cr-Ti-Si 
coatings  comparable  both  in  microstructure  and  in 
protective  properties  to  vacuum-pack  coatings.  The 
process  consists  of  two  cycles  and  uses  the  spray 
deposition  of  a  halide-activated  metal  slurry  on  the 
substrate.  Each  cycle  wes  followed  by  diffusion 
anneals  under  ISO  torr  argon  pressure. 

In  Phase  HI  of  the  program,  two  concepts 
were  explored  for  protection  of  tantalum,  D-43, 
b-66,  and  Ta-10*  alloys  at  2700  to  3S00  F.  These 
ware  (1)  elloy  modification  of  existing  Cr-Ti-Si 
coating  end  (2)  the  berrier  leyer  approach.  Alloy¬ 
ing  the  Cr-Ti-Si  coating  with  molybdenum  and  tung¬ 
sten  wee  generally  unsuccessful.  The  potential  of 
the  berrier  leyer  coating  system  was  well  demon¬ 
strated  as  tungsten/tungsten-silicon  gave  protective 
lives  of  2  to  3  hours  at  3400  to  3500  F. 


Metal lographic,  oxidation,  tensile,  and  creejJ*  _ 
studies  of  the  various  coating-substrate  systems  g  8 
comprised  the  final  phase.  Mechanical -property  p 
evaluations  indicated  little  difference  between  th£* 
vacuum-pack  and  slurry-coated  colunbium  alloys.  •  •-* 

Syleor  is  continuing  studies  of  fused-slurry^  ° 
silicide  coatings  for  protecting  D-43  alloy  sheet. 

On  the  basis  of  1-hour  cyclic  oxidation  tests  (be-  h.  ° 
tween  800  and  2500  F)  in  air,  coating  compositions  ® 
were  optimized  from' 25  compositions  chosen  from  the^  oa 
Cr-Ti-Fe-V-Si  system.  Optimum  compositions  found  <5  B 
were  Si-20Cr-20Fe-10VSi2  and  Sl-20Cr-20Fe,  which  *o  « 
respectively  survived  about  30  and  50  cycles  at  o  < 
99  percent  reliability.  Several  compositions  were  £  ® 
characterized  using  x-ray  diffraction  and  electron  *-»  2 
microprobe  analysis  and  by  testing  for  m ttabil ity,o  a 
faying  surface  penetration,  and  coating  repair.  Thli*  ji 
feasibility  of  using  fused  sillcides  as  a  one-step  tn 
coating  braze  was  demonstrated.  Use  of  Si-20Cr-5Tij(7  0 
resulted  in  shear  strength  of  about  5000  psi  at 
temperatures  up  to  2500  F  and  about  2003  psi  at  ynp*n> 
3000  F.  Preliminary  evaluations  were  made  of  the-C.jir~° 
utility  of  fused  silicide  coatings  for  protectingijTJ® 
mechanical  fasteners,  gas-turbine  components,  «n<Kihm 
T-222  alloy  sheet. 

Iridium-base  alloy*  have  been  explored  by 
Solar  for  use  on  tantalum  alloys  at  temperatures  a  Jt.  £■ 
above  3500  F.(4)  In  coating-alloy  development,  ’s*‘ 
Ir-30Rh  had  the  lowest  surface  recession  rate,  i  to 
4  mils/hour  in  plasma  arc  tests  at  3850  F.  Addi-  » 

tion  of  15  Os,  5Th02-5Ta205,  10Hf02,  lOSiC^,  -»g 

IOAI2O3,  10ThC>2,  lOMgO*  to  iridium  by  arc  melting  <  r . 
or  by  powder  metallurgy  resulted  in  no  improvement  .O' 
In  other  work,  iridium  coatings  were  electrodeposited  • 
on  125-mil -diameter  tungsten  rod,  and  an  Ir-30Rh 
coating  was  prepared  by  alternate  deposition  of 
iridium  from  fused  salt  and  rhodium  from  an  aqueous 
bath.  Pin  holes  that  developed  in  both  the  iridium 
and  lr-30Rh  coatings  caused  premature  failure 
during  self-resistance  heating  in  air  above  3500  F. 

In  other  studies,  cursory  attempts  to  use  gold  as 
a  fugitive  solvent  or  Hf02  for  emittance  enhancement 
were  not  successful. 


Protective  coatings  for  tantalum  alloys  in 
hydrocarbon  and  halogen  conbustlon  environments  Is 
the  subject  of  an  I IT  Research  Institute  program.' 

Emphasis  was  placed  on  hafnium-tantalum  and  composites 
based  on  Hfp2.  Hf-20Ta  clad  Ta-lOW  nozzles  and 
throat  inserts  for  rocket  engines  were  prepared  by 
hot-spinning  preclad  plate.  Results  with  the  jug  ,  — • 

of  tantalum  or  columbium  diffusion  barriers  appeared 
Inconclusive.  Investigation  of  spinning  variirolf  s 
demonstrated  that  the  system  wes  prorni s tfSClir  \ng 
near  4000  F.  Some  of  the  hardware  was  cUraf-ted 
to  an  in  situ  composite  of  Ts-HfQ2  by  cokiicflleigw..  4  n  VW1 
•Oxide  compositions  given  in  volume  perc{q»  pP(|  A  v  WM 
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COATING  DEVELOPMENT  FOR  TUNGSTEN 


oxidation  of  the  hafniua»-tantalum  alloy.  The  In- 
fluence  of  temperature  and  effective  oxygen  pressure 
on  the  size  and  distribution  of  microconstltuents 
was  found. 

Texas  Instruments  is  investigating  the  chemi¬ 
cal  vapor  deposition  process  for  coating  refractory 
metals  and  has  demonstrated  the  feasibility  of  coat¬ 
ing  B-66  alloy  with  Cr-Tl-Sl  of  controlled  composi¬ 
tion. (6)  One  process  utilized  a  two-stage  deposi¬ 
tion  in  which  the  metal  alloy  chromiuB-titanlum 
coating  was  followed  by  silicon  deposition.  A 
second  method  involved  simultaneous  deposition  of 
all  three  elements  in  10  minutes.  The  effects  of 
process  variables  were  evaluated.  On  the  basis 
of  air  oxidation  tests  at  2300  and  2500  F,  the  per¬ 
formance  of  the  coatings  appeared  comparable  to  the 
Cr-Ti-Sl  types  produced  by  other  methods ,  Scale- 
up  to  larger  and  more  complex  shapes  were  recom¬ 
mended. 

Electrophoretic  coatings  for  Te-iOW  alloy 
hun  investigated  by  Vitro.'7)  Coatings  of 
ZrBj,  ZrBj-lOMoSlj ,  and  TaAl3  were  unsatisfactory 
because  of  interdiffusions  and  substrate  embrittle¬ 
ment  on  sintering  at  3100  F.  Satisfactory  ad¬ 
herence  and  ninimum  contamination  were  obtained 
with  TaSl2>  MoSi2r  and  WSi2  when  the  average 
particle  size  was  less  than  lOp.  Then,  a  dense 
gradated  binary  oxide  overlayer  was  applied.  A 
typical  oxidation  life  of  15  minutes  at  3500  F  in 
air  was  obtained  with  NSIt/AI 203-41*90,  WS^/ThOj , 
WSl2/Zr02-2T 10;,  and  WSi2/«gO  coatings.  Failure 
was  due  to  edg*  and  corner  defects,  or  to  inter¬ 
action  with  the  setter  material. 

In  a  companion  study,  Vltro^8)  investigated 
other  coatings  for  protecting  T-222  alloy.  On  the 
basis  of  cyclic  oxidation  tests  from  room  tempera¬ 
ture  to  1500  or  2400  F,  Hf-27Ta,  TaAl3>  Zr^,  and 
ReSl2  coatings  were  eliminated.  Also,  tungsten  and 
rhenium  barrier  layers  were  eliminated  because  of 
sllicide  formation  during  sintering.  Effort  was 
concentrated  on  single-phase  and  binary  slllcides. 
When  post-sll iconized  and  preoxidized,  the  coat¬ 
ings  WSi2,  UoSl2,  NoSi2-3VSi2,  and  MoSl2-3TiSi2 
behaved  erratically  and  were  susceptible  to  pest 
failure  at  1500  F.  The  concentration  of  second 
phases,  VSI2,  CrSi2»  and  T1S12,  was  increased  to 
10  to  30  percent.  MoSl2-30VSi2  gave  the  best  per¬ 
formance.  Two  specimens  survived  600  hours  (in¬ 
cluding  30  cycles  to  room  temperature)  at  1500  F 
and  at  2500  F  without  failure,  while  others  failed 
at  12  to  100  hours.  WS12-30VS12  behaved  wall  at 
2400  F,  but  failed  at  1500  F. 

Protection  offered  by  a  series  of  coatings  on 
Cb-lZr  alloy  was  evaluated  in  4  cubic  feet  per  hour 
(STP)  argon  (containing  1  to  3  ppm  oxygen  and  <10 
ppm  H2O  for  24  hours,  then  1  to  3  ppm)  at  2000  F 
for  500  hours. (9)  The  coatings  consisted  of  Sylcor 
Sn-Al,  Chromizing  Corp.  Durak  KA,  Pfaudler  slngle- 
and  double-cycle  slllcides.  Vitro  Cr-Mo-Sl,  and 
MoSl  with  a  5-mil -thick  aclybdenum  barrier  layer. 
Evaluation  was  based  on  metallography,  hardness, 
bend  testa,  and  electroh-adcroprobe  analysis.  The 
most  protective  coating  appeared  to  be  M0SI2/W:. 
Tin-aluminum  offered  adequate  oxidation  resistance 
despite  spalling.  The  other  coatings  were  less 
satisfactory  since  Cr-Mo-Si  allowed  chromium  diffu¬ 
sion  into  the  substrate,  and  the  Pfaudler  and 
chromizing  coatings  permitted  some  substrate  oxida¬ 
tion. 


Iridium-base  coatings  for  tungsten  have  been 
sxudieo  oy  the  IIT  Research  Institute. (3)  In  con¬ 
sideration  of  phase  relations,  rhenium  was  choun 
as  the  most  suitable  barrier  to  raise  the  minimum 
melting  point  in  the  system.  Interdiffusion  studies 
indicated  that  In  the  absence  of  surface  diffusion 
effects,  about  3  mils  rhenium  effectively  limited 
interdiffusion  for  1  hour  at  4000  F.  Satisfactory 
iridium  coatings  were  deposited  from  a  slurry  using 
copper  as  a  fugitive  vehicle. 

A  model  was  developed  for  the  determination 
of  temperature-dependent  stresses  in  tungsten 
nozzles  that  were  plasma  sprayed  with  HfCQ-tungsten 
Tensile  properties,  elastic  moduli,  and  thermal  ex¬ 
pansion  were  determined  for  the  sprayed  materials.  - 
Residual  stress  measurements  on  as-fabricated  multi¬ 
layer  nozzles  were  in  reasonable  agreement  with 
predicted  values. 

COATING  DEVELOPMENT  FOR  CHROMIUM  ALLOYS 

Sllicide,'10)  aluminide/ 1J)  and  nickel- 
chromium^)  coatings  for  chromium  alloys  for  use 
up  to  2400  F  in  air  are  being  studied  under  NASA 
sponsorship.  In  each  of  these  programs,  a 
Cr-5W-0.1V  alloy  li  used  as  the  substrate. 

Solar(lO)  investigated  slllcides  as  well  as 
coatings  based  on  V-(Ti,Mo)Si.  The  latter  intended 
to  serve  as  an  interstitial  sink  to  control  nitrogen 
Ingress  into  the  substrate.  Vanadium  was  best 
applied  by  low-pressure  pack  cementation,  titanium 
was  deposited  from  nonelectrclytic  fused-salt  bath, 
molybdenum  by  chemical  vapor  depositions,  and 
silicon  from  an  argon  high-pressure  pack. 

Cyclic  oxidation  tests  on  vanadium-silicon, 
vanadium- mol ybdenum-sil icon,  vanadlum-titanius- 
sllicon,  and  vanadium-titanium-molybdenum-silicon 
coatings  showed  the  presence  of  vanadium  and/or 
molybdenum  beneath  the  sllicide  layer  caused  cata¬ 
strophic  failure  at  2400  F  not  encountered  in  the 
uncoated  alloy.  In  contrast,  simple  sllicide  coat¬ 
ings  produced  a  chromium-rich  dlsillclde  which  was 
protective  for  500  hours  at  2100  F  and  permitted  no 
oxygen  or  nitrogen  ingresslon  to  the  substrate. 

It  appeared  that  silicon  acted  as  both  a  barrier 
layer  and  interstitial  sink.  Spalling  reduced  pro¬ 
tection  to  about  100  hours  at  2400  F. 

Chromalloy(H)  found  that  chromium-aluminum 
solid  solution  or  duplex  CrjAlg-aluminum  coatings 
applied  by  pack  cementation  offered  static-oxidation 
protection  for  over  600  hours  in  air  at  2100  F. 

The  duplex  coating  was  resistant  for  over  300  hours 
at  2400  F.  However,  as  a  result  of  a  100 -hour  ex¬ 
posure  at  either  temperature,  the  bend  transition 
of  both  systems  was  raised  from  700  to  over  1600  F. 
Modification  of  the  sluminide  with  a  spinal  former 
such  as  iron  gave  promising  oxidation  resistance  at 
2100  F. 

Battalia  is  investigating  the  use  of  thin 
fells,  applied  by  gas-pressure  bonding,  for  the 
protection  of  the  Cr-5W-0.1Y  substrate.!12)  The 
coatings  primarily  consisted  of  Nl-20Cr  and  Ni-20Cr- 
20W,  but  were  modified  with  3  to  5  percent  aluminum 
in  sose  cases.  Intermediate  platinum  and/or  tung¬ 
sten  layers  were  utilized  to  minimize  harmful 
lnterdiffuslon.  Cyclic  oxidation  resistance  of 
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these  clads  was  over  200  hours  at  2100  F  in  air, 
but  at  2300  F,  200-hour  oxidation  protection  was 
marginal.  At  2400  F,  rapid  oxidation  occurred. 
Cladding  caused  the  bend  transition  of  the  coating- 
substrate  system  to  rise  from  700  to  1200  F.  In 
most  cases,  the  oxidation  exposure  further  raised 
the  transition  to  1400  to  1600  F.  Reasons  for  this 
degradation  in  system  ductixitv  are  now  being 
sought. 

The  use  of  platinum,  palladium,  and  rhenium 
as  nitrogen  diffusion  barriers  for  the  Cr-5W-0.1Y 
substrate  is  being  studied  at  NASA-Lewis.' *3)  on 
the  basis  of  metallography,  electrodeposits  of 
palladium  nr  platinum  offered  some  protection  from 
nitrogen  at  2000  F.  However,  outward  diffusion  of 
chromium  appeared  high.  Rhenium  increased  the 
sensitivity  of  the  substrate  to  nitrification. 

COATING  DEVELOPMENT  FOR  ELECTRICAL  INSULATORS 


ducing  the  concentration  of  substrate  constituents 
in  the  coating.  During  oxidation,  heavily  alloyed 
coatings  formed  areas  of  M^Sij  throughout  the 
coating.  Alpha  cristobalite  was  the  primary  sill. a 
phase  formed  in  all  systems  studied.  Oxides  tended 
to  form  as  mixtures  rather  than  discrete  layers. 

No  relation  was  founo  between  oxidation,  diffusion 
rate,  disiliclde  coating  phases,  and  protection. 
Other  factors,  such  as  expansion  coefficients, 
thermal  shock  resistance,  oxide  mechanical  proper¬ 
ties,  and  self-healing  mechanisms,  may  be  con¬ 
trolling.  In  some  cases  anomalous  intermediate- 
temperature  oxidation  behavior  was  noted  and  cor¬ 
related  with  the  presence  of  the  substrate  oxide. 
Exposure  to  reduced  pressure  (partial  vacuum  or 
impure  argon)  sometimes  changed  the  oxides  formed 
and  their  stoichiometry.  In  the  case  of  tungsten- 
and  molybdenum-alloy  substrates  where  S102  was  the 
primary  oxide,  oxide  volatility  was  the  primary 
mechanism  of  degradation  and  depletion  of  silicon. 


Westinghouse  has  started  a  program  on  the 
synthesis  and  study  of  coatings  for  electrically 
insulating  refractory  conductors  at  elevated  Tem¬ 
peratures. (I4)  Aluminum  nitride  has  been  deposited 
on  molybdenum,  tungsten,  and  graphite  from  the 
A1C13*NH3  vapor  phase.  The  coating  protected 
molybdenum  from  oxidation  to  at  least  1300  F.  Di¬ 
electric  tests  indicate  that  AIN  on  molybdenum  hod 
a  d-c  conductivity  on  the  order  of  10"13  per  ohm-cm 
at  77  F  and  Increased  to  10"6  at  1470  F.  The  a-c 
properties  depended  on  the  method  of  preparation. 
The  apparent  dielectric  constant  increased  markedly 
with  increasing  temperature  indicating  a  high  level 
of  internal  polarization  which  is  probably  due  to 
limited  mobility  of  charge  carriers. 

Pyrolytic  Si3N4  from  S1F2-2NH3,  SiCl4+NH3, 
or  SIH4+NI 13  offered  some  oxidation  protection  for 
molybdr^ija  at  1830  F. 

PROPERTY  STUDIES  OF  (TO  AT  ED  REFRACTORY  METALS 


Microstructure.  Identification  of  refractory- 
metal  coating  and  substrate  constituents  has  been 
done  before  and  after  oxidation  in  the  u.01  torr 
to  1  atm  pressure  range  by  Sylcor. (15)  Electron 
microprobe  analyses  were  supplemented  by  x-ray 
diffraction  and  metallography  on  the  following 
systems: 


Cb,  D-43,  B-66 

MO,  TZM 

Ta,  T-222 

W 


Silicioe 

Coating 

Si,  Ti-Si, 
Cr-Si 
Cr-Ti-Sl 
Ag-Al-Mo-Sl 

Si.  tt-Sl, 

Si-B 

Si,  Ti-W-Si 

Si,  Si-Al203, 
W-Si 


Temperature, 

F 

2000,  2500 

2500,  2800 

2500,  2800 
2800,  3300 


In  general.  It  was  found  that  addition  of  modifiers 
resulted  in  increased  protection  primarily  by  re¬ 


Emlttance .  In  a  North  American  Aviation  pro- 
aram,  the  role  of  emittance  in  refractory-metal¬ 
coating  performance  was  reviewed  and  analyzed. (16) 
The  purpose  was  to  orient  a  comprehensive  study  to 
provide  emittance  data  for  thermal  calculations 
needed  in  the  design  of  aerospace  systems.  A 
number  of  preliminary  emittance  experiments  were 
performed  on  TRW  Cr-Ti-Si  coated  Cb-752,  Chromalloy 
W-3  coated  TZM  molybdenum,  and  Sylcor  Un-aluminum 
coated  Ta-lOW  in  air  at  2000  F.  There  was  a  marked 
increase  in  the  total  normal  emittance  to  about 
0,8,  which  for  the  sllicide  coatings  was  associated 
with  oxide  formation.  The  total  normal  emittance 
measured  at  2000  F  was  equal  to  that  calculated  by 
integration  of  the  spectral  curve  inferred  from 
room  temperature  reflectance  data.  This  similarity 
indicated  that  the  shape  of  the  spectral  curve  at 
2000  F  was  not  a  strong  function  of  temperature. 

Ductility.  The  factors  affecting  the  tensile 
ductility  minimum  behavior  of  silicide-coated  Cb-lOW 
and  Cb-752  sheet  in  air,  in  the  intermediate  tem¬ 
perature  range  of  1300  to  2000  F,  has  been  studied 
at  Battelle.(l^)  In  the  case  of  the  TRW  Cr-Ti-Si 
coated  alloys,  contamination  and  embrittlement  by 
air^  at  the  base  of  coating  cracks  was  found  to  be 
the  major  factor  responsible  for  loss  of  ductility, 
e.g.,  at  a  strain  rate  of  0.1  per  minute,  reductions 
in  area  dropped  from  about  70  percent  for  the  un¬ 
coated  alloys  in  vacuum  to  as  low  as  1  to  3  percent 
for  the  coated  alloys  in  air.  Apparent  mechanical 
interaction  between  coating  and  substrate  played  a 
smaller  role,  but  became  more  significant  with 
decreasing  substrate  thickness  from  100  to  30  mils. 
The  Sylcor  Ay-Al-Mo-oi  liquid-pliase  coating  g«ve 
somewhat  Improved  ductility  above  1380  F  by  filling 
cracks  in  the  silicide  phase.  The  presence  of 
zirconium,  dynamic  strengthening  of  the  substrate, 
and  thickening  of  the  subslllclde  layer  to  1  mil 
by  annealing  had  relatively  little  effect  on 
ductility. 

SPACECRAFT  APPLICATIONS 

Pratt  &  Whitney  is  Investigating  the  following 
coated^  eg^umbium-alloy  systems  for  use  in  gas  tur- 
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Substrate 


Temperature 

Application  Range.  F  -  Svatam 


Coating 


Aliov 


Vana  1800  to  2500  1 

2 

3 

4 


TRW  Cr-Ti-Sl  (vacuum  pack) 

TRW  Cr-Tl-Si  (  vacuum  pack) 
Syleor  Cr-Tl-Sl  ( triple*  pack) 
Sylcor  Cr-Tl-Si  (  slurry) 


C-129Y 

D-43 

D-43 

D-43 


Blade  Airfoil  1800  to  2500 


5  TRW  Cr-Ti-Si  (vacuum  pack) 

6  TRW  Cr-Tl-Sl  (2-stage  slurry) 


Cb-132M 

Cb-132M 


Blade  Root 

1300  to  1600 

7 

Sylcor  Sn-Al 

8 

Sylcor  Ag— Al-Mo— Si 

9 

Zinc 

Cb-132M 

Cb-132M 

Cb-132H 


Based  on  oxidation-erosion  and  thermal  fatigue 
at  2200  to  2400  F,  ballistic  impact  at  70  to  2200  F, 
and  previous  data,  Systems  2  and  5  were  selected  for 
advanced  evaluation.  On  the  basis  of  prestrain/ 
oxidation  and  galling  tests,  System  8  was  also 
chosen.  Complete  evaluation  of  System  2,  including 
stress  rupture.  Indicated  it  as  a  candidate  for 
engine  testing.  A  partial  evaluation  of  System  8 
indicated  adequate  performance. 

Various  slliclde-coated  refractory-metal  alloys 
have  been  exposed  to  environmental  loading  condi¬ 
tions  such  »«  an  Apollo  rocket  engine  would  experi¬ 
ence  as  a  result  of  transient  ignition  pressure 
spikes. (19)  The  substrate/coating  systems  used 
were  molybdenun/Chromizlng  Durak  B,  Ta-lOW/Sylcor 
R512,  C-103/Chroml ting  Durak  KA,  C-103/WtSy 1 cor 
Ag-Al -Mo-Si,  and  C-129Y/Durak  KA.  Tensile,  bend, 
torch- fatigue,  and  room-temperature  hydrodynamic 
chamber  tests  were  conducted.  Some  tensile  proper¬ 
ties  at  strain  rates  of  0.0001  to  0.001  and  100  to 
500  per  so  ond  were  determined  for  the  uncoated  and 
coated  alloys  with  and  without  previous  thermal 
cycling  in  vacuum  or  hydrogen.  At  the  test  tempera¬ 
ture  of  -100  F,  room  temperature,  and  2500  F,  the 
higher  strain  rate  caused  a  50  to  100  percent  in¬ 
crease  in  ultimate  strength  with  little  change  in 
elongation.  Elongation  was  measured  on  cylindrical 
specimens  with  a  l/8-inch  diameter,  1-inch  long  gage 
length.  The  data  presented  suggest  that  the  coat¬ 
ings  did  not  significantly  affect  the  substrate 
properties.  The  cclumbium-alloy  system  with  Durak 
KA  demonstrated  the  best  properties,  e«en  under 
high- stsiiiV--f its  conditions.  The  other  systems 
were  less  attractive)  coated  molybdenum  was  re- 
crystallized  and  brittle  at  -100  F  and  room  tempera- 
twirs,  coated  *Hoy  hei  l.  'erlor  bend  ductil¬ 

ity  after  fatigue-torch  testing  in  addition  to  its 
high  density,  and  the  silver-aluminum  alloy  in  the 
Ag-Al-Mo-Sl  coating  ran  off  in  chamber  tests  or 
vaporized  in  vacuum  at  2500  F. 

McDonnell  has  subjected  uncoated  Cb-752,  T-lll, 
and  tungsten,  in  the  form  of  50-to-60-mil  thick 
chcit,  to  s  J 'tr-etory  simulation  of  an  ASSET  boost- 
slide,  re-entry  vehicle,  flight  environment. V*®/ 

The  metals  were  degraded  by  substrate  contamination 
and  the  formation  of  gross  oxide  scales  at  2  to  47 
torr  air  pressures  for  35  minutes  above  1200  F  with 
a  maximum  temperature  of  2850  F.  Tungsten  was 
affected  the  least.  Protection  of  Cb-752  alloy 
with  chromium-titanium  was  incosplete.  Minor 
defects,  simulated  by  1 -all -deep  slots  in  Cr-Tl-Sl 
coated  Cb-752  alloy,  did  not  affect  the  coating  or 
the  substrate.  Major  defects,  simulated  by  4-all 
slots  extending  into  the  substrate,  resulted  in 
localised  contamination  on  the  order  of  that  found 
in  «kaCoeted  Cb-752  alloy., 


Vitro  and  Standard  Pressed  Steel  collaborated 
in  a  development  of  coated  structural  fasteners. (21 ) 
Systems  primarily  utilized  were  Ta-lOW  and  T-222 
alloys  coated  with  electrophoretic  SI-WSI2,  and 
Cb-752  and  C-129Y  alloys  coated  with  electrophoretic 
Cr-Tl-Si.  The  latter  had  properties  compareble  to 
the  vacuum-pack  coating.  Tolerance  control  per¬ 
mitted  complete  interchangeability  of  parts  with 
tolerances  sufficient  for  precision  aircraft  fasten¬ 
ers.  Threaded  pieces  could  be  removed  and  reused 
after  air  exposures  up  to  2200  F.  Tightening 
torques  were  limited  to  about  50  inch-pounds  with¬ 
out  injury  to  the  coating.  Deforro»Me  fasteners 
could  not  be  produced  because  of  low  coating 
ductility.  Oxidation  life  of  the  coated  columblum 
alloy  fasteners  was  about  60  to  120  hours  in  static 
air  and  2  to  4  hours  in  200  ft/sec  air  at  2200  F. 
Coated  C-129Y  alloy  was  unaffected  by  exposures  in 
air  at  pressures  of  0.01  to  1  torr  at  2200  and 
2400  F  for  5  hours,  while  Cb-752  alloy  was  degraded 
at  both  temperatures.  The  tantalum  alloys  showed 
considerable  degradation  of  coating  at  pressures  of 
0.01  and  1  torr  as  low  as  2200  F.  Reduced  pressures 
appeared  to  remove  beneficial  effects  of  preoxida¬ 
tion  and  result  in  a  2400  F  static  oxidation  life 
of  2.8  hours.  Dynamic  oxidation  life  was  about  2 
hevrs  at  2400  F. 
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